Section of Obstetrics and Gynecology
President-FREDERICK W. ROQUES, M.D., M.Chir., F.R.C.S.Eng., F.R.C.O.G. [February 25, 1955] DISCUSSION: DYNAMICS OF THE UTERUS AND THEIR CLINICAL APPLICATIONS Professor W. C. W. Nixon: On October 4, 1871, John Braxton Hicks, F.R.S., M.D. (1823-1897), gave his Presidential Address before the Obstetric Society of Londona forerunner of the Obstetric Section of the Royal Society of Medicine. For twenty-three years he was Physician Accoucheur to Guy's Hospital and on retiring at the age of 60 was invited to help in teaching in the midwifery department of St. Mary's Hospital, an embryonic teaching hospital compared with the much older Guy's Hospital.
His address was entitled "On the Contractions of the Uterus Throughout Pregnancy: Their Physiological Effects and their Value in the Diagnosis of Pregnancy". Perhaps his name is better known for "combined internal and external version" but he must be.given credit for first drawing attention to the phenomenon of intermittent uterine contractions during pregnancy. Braxton Hicks had no instrument except his hand to register such contractions, but even so he was aware that there were different degrees of tonus and activity of the uterus during pregnancy and labour. He confirmed Baudelocque's dictum "the hand is still the safest of the obstetrician's instruments".
He reflected upon the effect or use of these contractions and suggested that the blood in the placental sinuses was in a stagnant state and the effect of the contractions was to drive it on so that they "act as a kind of supplementary heart to the fluids in the uterine wall and placenta". He noted that the contractions were really the same as the so-called "pains" of premature expulsion of the feetus and also of true labour.
Another interesting observation he made was in a case of paraplegia in pregnancy.
Although he observed the woman frequently during pregnancy yet he never found the uterus to contract and her labour was normal.
It was at a meeting of this Section, in 1948, when there was a "discussion on the management of uterine inertia in the first stage of labour", that Lorand's tocograph was first shown. With this instrument it was possible to assess the activity of the uterus at a threedimensional level-centimetres, grams, seconds. Since its introduction many complicated pieces of electrical apparatus have been designed for measuring uterine activity. For Braxton Hicks it would be a Wellsian dream if he were with us to-night.
Yet Lorand's tocograph, which took fifteen years to perfect, has still its uses. Recently I spent some time in the Obstetric Department of University College, Ibadan, Nigeria, where Dr. John Lawson is Director. I present some records which I made with this apparatus. Fig. 1 shows tracings in the first stage of labour from four African women who were in the labour ward at the same time. The striking feature is the high uterine tone and in one of these women this was associated with the development of intrapartum toxacmia. The blood pressure rose from 100/60 to 140/95 (a high level for African women) in twenty-one hours. During the same interval urine which was albumin free at the onset of labour boiled almost solid when the tocograph record was made.
The African uterus in labour seems to be an unusually powerful organ as can be seen from Fig. 2 . Rarely is the head engaged at the onset of labour owing to the high inclination of the pelvic brim. Dr. Lawson states that in these women the outcome of a trial labour cannot be assessed properly until full dilatation is reached. If one waits until full dilatation the head often moulds successfully through the brim. But for this ability of the uterus to dilate fully though the head is high, many of these women would not deliver themselves vaginally. Hyperactivity of the uterus needs to be investigated and might provide a fertile field for those engaged in biochemical and endocrine research. Such research might give a clue to the requisites for normal uterine action. Industry harnesses scientific advances when it seems possible that benefit will result.
Medicine and surgery are beginning to apply scientific methods for the diagnosis and treatment of disease, but obstetrics-the Cinderella of the trinity-lags. The obstetrician has contributed little to the elucidation of the problem of abnormal uterine action in labour. This is still a major cause of morbidity and mortality for a mother and her baby during SEPTEMBER the process of birth. Our aim should be to anticipate long labour and maintain the duration of labour within normal limits. It will be a team consisting of obstetrician, biochemist and physicist, that will eventually solve the problem. There must be some "trigger' mechanism, possiboly biochemical, that initiates labour and such a team as just described might discover it. REFEREiNCES HICKS, J. BRAXTON (1872) 677 Dr. C. N. Smyth: In discussing the dynamics of the uterus and their clinical applications, I would prefer to use the term "Possible Clinical Applications" because much of what we have to report is as yet only substantiated on a few patients.
Our object in making measurements on patients in the Obstetric Unit attached to University College Hospital is to measure the forces on the feetus and try from our results to prognose the outcome of labour, and where possible use the conclusions as a guide to treatment.
One fact which stands out clearly from all work on uterine contractility in the past is that it has contributed nothing to the safety of labour, to the reduction of the stillbirth rate, nor to the reduction of maternal discomfort or morbidity-psychic or somatic. The accurate control of oxytocin infusion is perhaps the exception to this generalization. In view of this, we approach the subject with humility and attempt more careful analysis of each clinical observation and physical measurement.
The measurements we are making are simple and, in their implications, as direct as possible. We assess the robustness of the mother and of the foetus and the possible severity of the approaching labour and try to plan accordingly. We aim at assessing to the following schedule: Firstly, the customary clinical assessments of the mother's health and temperament, the mother's pelvic adequacy (X-ray if doubtful), and the possibility of disproportion, malpresentation or obstruction, are made; sometimes of the flexibility of the pelvic ligaments also. Secondly, the foetus is assessed in respect to: (1) Maturity and size (X-ray as necessary).
(2) Regularity of the foetal heart between contractions.
(3) Regularity of the feetal heart during contractions.
(4) Regularity of the feetal heart while the mother is being gradually de-oxygenated, by breathing nitrogen, to 80%, a test which is only undertaken if (3) is satisfactory and immediately discontinued if there is any sign of fcetal distress. This test has been elaborated by Dr. P. R. Myerscough, of the Simpson Memorial Hospital, Edinburgh, and used at Ufniversity College Obstetric Hospital, while he was working with us.
(5) Measurement of uterine oxygenation polarographically, a procedure at present under development.
If our impression from the above observations and tests is that the feetus is good for a normal labour but not for a strenuous or prolonged labour then we try to assess the type of labour which will ensue.
In this work we have been busy establishing normal criteria and it will be some time before we are able fully to realize the programme I have outlined. But I believe. it is the approach by which we shall turn physical measurements to good account and reduce the hazards of labour. Thirdly, Assessments of the possible course of labour. Part I. The approach oflabour.-We are attempting to establish a technique to determine when active labour will begin spontaneously or in response to surgical induction. We have noticed a marked change in the irritability of the uterus towards the onset of labour (true or false) and this is concurrent with a change in the sensitivity of the uterus to intravenous oxytocin (Pitocin) in near physiological doses (1/100 unit/minute). We administer up to 1/10 unit I.V. to patients not having contractions until a contraction ensues. Near labour 1/100 unit will evoke a contraction. A week earlier ten times the dose may be required. The contractions are recorded by tocograph. The test seems to be of value in deciding when to keep a patient in hospital or when to send her home again; and, also, when to induce labour, if other factors are not more weighty. The test may establish the patient's confidence in her treatment, and she feels less shamefaced if sent home as "not in labour", realizing that the judgment was not something she could have made herself.
The test does not distinguish a false labour from a true labour and is useless in the presence of regular contractions. The problem of false labour or the labour that begins normally and then stops for some days needs much study. All we can say is that such patients as a group carry a worse prognosis for fcetal asphyxia and neonatal morbidity than normals; the feetal heart rate should be watched with more than normal attention when true labour occurs.
Part IL The character of the "pains".-The uterine contractions and the tone between contractions effect the first stage of labour, but their frequency and intensity within wide limits form no guide to the length of the first stage of a particular patient. Their function is to dilate the cervix, to advance the presenting part along the birth canal, and assist, we believe, the uterine circulation.
Statistically we know that contractions should occur about every three to five minutes and raise the intra-amniotic pressure from 40-60 or even 100 mm. of mercury, but in some very satisfactory labours these criteria are not satisfied.
With some drugs we can increase the frequency of contractions, with others reduce both their frequency and amplitude. We have not got a medicine to increase the peak intensity of the contractions. This is somethingwhich usually time provides, and the lack of force in oxytocin-induced contractions may in some cases explain the ineffectiveness of oxytocin inductions; for the rhythmic contractions are invariably produced but they may be too weak, and increasing the oxytocin dosage only increases tonus. One factor which increases the intensity of contractions is a reduction in fluid volume of the uterus by rupture of the membranes. This is in accordance with muscle studies on the increase of strength with reduction in stretched length.
The only quality of contraction which can be measured unequivocally is the intraamniotic pressure and this can be measured absolutely by the Williams-Stallworthy technique of amniotic catheterization, or almost equally accurately through the abdominal wall by a tocograph which measures the force required to flatten a given area or produce a depression of given volume. The former, if used with a guard ring equal in width to skin thickness or greater, is extremely accurate (± 1 cm. water)-even through several layers of bedclothes too! One must beware of instruments which measure curvature and do not positively flatten or indent the surface, for such devices are deflected more over weak areas in the uterine wall, and follow uterine movements to a marked extent.
Part III. The dilatation of the cervix.-The dilatation of the cervix is effected not, as in the iris of the eye, by the interplay of intrinsic muscles alone but by the transmitted pull of the fundus and the reaction of this force upon the fcetal head (or presenting part) and upon the uterine moorings. Redman (1953) has adequately explained the-active importance of the moorings in the first stage and I will not go into that aspect of the subject further.
We have not been able to design a more satisfactory instrument than a long stitch through both edges of the cervix, knotted to one, and hanging down the leg, with which to render movements of the cervix visible externally; it is not a popular device to apply. Accordingly, we deduce the probability of rapid cervical dilatation by measuring the forces acting upon the cervix, all of which forces summate to the pressure of the presenting part against the undilated inner surface.
In studies on the cervix we began first with the blithe assumption that the pressure upon the cervix would be the hydrostatic pressure in the amniotic sac, or an even greater pressure if the membranes were ruptured and the os partly dilated.
In the cases we have measured this pressure has always been very much lower than this expected value. a Reasons for the "head to cervix" pressure being low may be divided into the following categories:
(1) "Uterine cuddling"-"active uterine retention." The fcetus is gripped around the shoulders (not a likely condition when there is adequate fluid and intact membranes).
(2) The strength of the membranes. The membranes themselves withstand the fu:idal pressure and are unable to slide down to "balloon" the cervix. The breaking strength of the membranes, 200 grams (I have no value for Young's modulus or fatigue of membranes), could stand a pressure of 40 mm.Hg, or reduce the pressure on the cervix by this amount.
(3) The head, by forming a valve in the pelvis, prevents the hydrostatic pressure in the hind-waters from being transmitted to the forewaters (this can be measured by measuring the pressure in the forewaters).
(4) Mechanical difficulty in descent of the head. The freedom of the head and movement with contractions can be felt clinically.
In many cases more than one factor is present at once. (N.B. -The high head in multiparous patients and in African women may assist in rapid dilatation, if the uterine cervical moorings do not prevent the cervix from coming into proximity with the head because full hydrostatic pressure is developed in the "forewaters" and the cervix is not pinched;at the pelvic brim.)
Treatment.-Treatment of some of these conditions when recognized can be appropriately directed. Treatment of cases in which there is "uterine cuddling" or a truly resistant cervix (if there is such an entity) needs consideration, and we are thinking on the following lines:
(i) Drugs which relax the uterus may if given in small doses have a bigger proportional effect where the muscle is thin (lower segment) than on the fundus, and their administration may allow freer descent in cases of uterine cuddling. I believe I have in a few cases secured this effect with subcutaneous adrenaline. Increasing the fluid volume of the uterus might have a similar effect on theoretical grounds.
(ii) The resistant cervix has a structure which is part muscles and part fibrous and we must ask ourselves what changes in the micro-anatomy we expect to occur during dilatation. I hope histologists may come to our aid here, for by understanding the relative arrangement of fibrous and muscular tissue we shall better understand how to secure dilatation without permanent impairment of muscular activity.
We need to know whether the muscle fibres in the cervix stretch and remain active to five or ten times their undilated length, or whether they break or separate. The latter would seem the most probable on general biological grounds and because some contractility retums to the cervix immediately after delivery.
To achieve a separation of intact functional muscle fibres and loosening of fibrous bonds between them do we require the muscle of the cervix or lower segment to contract or relax? If the muscle contracts the tension in the fibrous tissue between the muscle bundles will be greater and the fibrous tissue will be distended to the greatest extent.
I trust the general impression of my paper has not been one of over-mechanization of the labour ward; this work can go on almost unnoticed, and no discomfort need be added to the patient's already heavy lot.
Acknowledgments Schild: Biological Assay of Oxytocic Drugs on the Human Uterus Extensive use has been made of the animal uterus in testing oxytocic drugs, with results which are often misleading when applied to the human subject. Oxytocic drugs have also been tested on the post-partum human uterus using intra-uterine balloons, but this method is elaborate and potentially dangerous and is not suitable for the large-scale experiments required for a statistically valid assay. We have therefore turned to external tocography of the post-partum uterus for the quantitative assay of oxytocic drugs. If successful, this method would allow oxytocic drugs to be tested with the minimum df discomfort and risk to the patient and would make it possible to carry out tests on a sufficiently large scale to obtain statistically valid estimates of activity. An extensive preliminary investigation with ergometrine led to the following conclusions:
(1) External tocography with a suitably modified deep-pressure tocograph is feasible within at least the first three or four days post partum. There is no significant diminution of response of the uterus to ergometrine during this period.
(2) UJsing small intravenous doses of ergometrine it is possible to obtain a graded response, suitable for a biological assay. The log-dose response curve is approximately linear over a fourfold range of concentrations.
(3) The assdy can be made more accurate if more than one dose is given to the same patient. In this way the effects of variability between different patients can be largely eliminated from the assay.
We have also used this method for comparing the activity of prgometrine and methyl ergometrine. The former was found to be more active. The assay was carried out by a standard 2 x 2 design such as is used in assays on isolated preparations. The order of accuracy of the assay is comparable to that obtained in animal experiments. IE the course of this work we had occasion to test several compounds which have been claimed to have oxytocic activity in man on the basis of experiments on various animal species. Very marked discrepancies were found between the activity of these drugs on the animal uterus and their activity on the post-partum human uterus when tested by our quantitative method.
Dr. C. N. Smyth limited his reply to two issues which were directly relevant to his work, namely: (1) The force upon the cervix; and (2) the accuracy of tocograph measurements in relation to internal measurements of intra-amniotic pressure.
(1) The force upon the cervix.-During a uterine contraction there will be a force upon the cervix from the attempt of the presenting part to descend, or from the hydrostatic pressure bulging the membranes unless neither of these entities is free to descend and press upon the cervix, or unless the cervix is not free to be pulled up to meet them because of its vaginal moorings.
Unless, therefore, a pressure is developed upon the inner surface of the cervix just beyond the cervical canal it is incorrect to say that the cervix is resistant to dilatation. This pressure can be measured by a small balloon. The cause of prolonged labour should be ascribed to cervical resistance only when it is justified by measurement.
(2) The interpretation of the external tocograph readings.-There are many types of tocograph in use and the results they give are not directly comparable between themselves or with amniotic pressure measurements made by direct catheterization. Dr. Smyth said he was not referring to the accuracy of the transmission systems which produce the record, whether electrical, mechanical or hydrostatic, for these were matters of convenience only, but to the design of the receptor which rests upon the abdomen.
In the type in common use this device rests upon the abdominal surface and is held in position by a belt or by local adhesive tape. All have a central rod which rests upon or indents the surface. Those that have light pressure on the central rod (less than about 200 grams) tend to follow the curvature of the uterine surface and emphasize the forward rotation of the uterus during contractions and show the so-called fundal dominance.
Those which flatten or indentthe uterus tend to follow internal pressure. If the central rod is stiff and long and if it is fixed by local adhesive tape instead of a belt, it tends to measure the force necessary to lift the skin off the uterine wall! The use of a belt, if too rigid, tends to prevent forward uterine rotation and the patient becomes conscious of contractions which would otherwise pass unnoticed. An elastic belt is the best compromise with a lightweight tocograph.
The amniotic pressure may be measured absolutely with great precision by a tocograph head consisting of a flat plate about 3 in. in diameter with a plunger of 1 in. diameter maintained level with the plate during all conditions of measurement. The flat plate forms a guard ring around the central measuring area and the flattened parietes are absolutely unable to affect the answer. Three thicknesses of blanket can be added without adverse effect! The device is self-calibrating and independent of skin thickness.
With all tocography the device measures the hydrostatic pressure within the uterus only if placed over a fluid-filled part. If placed over; the foetal back it measures the force to move the back, and the answer depends upon the stiffness of the feetus and its supports, and bears no relation to the amniotic pressure.
[ Halliday and Heyns (1952) suggest that it is no more than a movement of the uterus. Bosch of Basel found external methods unreliable in comparison with an internal pressurerecord in a series of 50 eases. He says that very normal labours judged from a clinical viewpoint, and con1firmed by a simple pressure record, when judged by excternal records ofteq seem to be associated with "hypertonus and dysrhythmia." It may well be an explanation of the frequent incidence of hypertonus reported for example by Murphy in his large series.
However, our records show that normal labour has a characteristic pattern. When the uterus contracts the intra-uterine pressure rises, and the incompressible cohtents bulge at the point of least resistance. This is ordinarily the cervix. Substantially it is fibrous in structure, but elastic in property, and having been dilated in a first labour it offers less resistance on another qccasion.
In some women this normal action is reduced. Contractions are infrequent and weak. This is frequently given a special name, "hypotonic inertia". It causes delay in labour, but provided that all concerned are patient it is rarely a danger to mother or babe. In other women uterine contractions are exaggerated so that strong contractions follow one another rapidly. This is exhausting to the patient, it may kill the babe in utero-but here again an anisthetic or prompt delivery will avert the danger.
We believe that these three are really variations on a single theme-of regular uterine rhythm. We have made many records of /abnormal labour. In this state the uterus is chiefly remarkable for erratic and unpredictable action. There is a dysrhythmia. This condition is often called hypertonic inertia, but we have not fourid elevated basal pressure a notable feature. There is frequently minor disproportion present, the cervix dilates slowly and painfully, if at all. The uterus may be excessively sensitive to Pitocin, minute amounts causing lasting spasm. We feel that if Pitocin is to be used in therapy, it should be by dilute infusion according to the recorded response of uterine muscle and fcetal heart rate. Since strong uterine contractions may cause fcetal anoxia, it is important to know what pressure prevents oxygen exchange across the placenta.
We have recorded a continuous pressure of 40-50 mm.Hg in a patient with. hydramnios, but the fcetal heart beat at a normal rate. There was no evidence of fetal anoxia. We have noticed that at pressures in excess of 80 mm.Hg foetal anoxia occurs rapidly, -and it seems that this should be regarded as the critical level. I am only too conscious that in the analysis of inco-ordinate uterine activity none of our present-day techniques are particularly helpful. I am aware that my remarks concerning external tocography are contrary to widely held opinions, but it may be that the external tocograph cannot distinguish between tonus and hardness. If our technique of recording intra-uterine pressures has anything to commend it, it is that it is safe and a measure of a physical quantity.
in Norway in 1910. In 1915 he was invited by Professor Doderlein to his clinic in Munich and the following year he published his paper describing the forceps and their method of application.
The Norwegians did not adopt the forceps then nor have they done so since, but many of the German clinics accepted them with enthusiasm. They have become popular in this country only during the last ten to fifteen years.
Kielland introduced his instrument at a time when it was common practice to apply forceps to the high or floating head, often in the presence of disproportion. It is not surprising, therefore, that the impression gained ground that his forceps were designed solely for use under such conditions and that some obstetricians declared the instrument obsolete when the high forceps operation disappeared from obstetric practice. In fact, Kielland recognized the danger of high forceps delivery and the futility of his or any other pattern of instrument in the presence of disproportion at the brim. His writings and warnings passed unheeded, however, and the misuse of his forceps, with inevitably bad results, LL
